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Abstract: Chronic low back pain and biomechanical walking imbalances are closely related. It is
relevant to identify if there are alterations in spatiotemporal gait patterns in subjects with CLBP
(cases) versus healthy subjects (controls) to plan training interventions of motor control gait patterns,
and thus allowing normal physical activity of the individual. This study is intended to identify if
spatiotemporal alterations occur in the gait cycle in CLBP subjects (cases) compared with a control
group (healthy patients) analyzed with an OptoGait LED sensors gait program. Method: A total
of n = 147 participants: n = 75 cases (CLBP) and n = 72 healthy controls subjects were studied with
OptoGait gait program. Results: Significant differences were found between the two groups and
both feet in foot stride, for the differences of the total stride and contact, for gait cadence and total
stride length of the gait cycle (p < 0.05). Conclusions: CLBP may alter some normal gait patterns
measured by OptoGait; this finding presents imbalances in gait cycle as an underlying factor. The
gait is part of daily life of any individual and it is an important physical activity in relation to the
maintenance of an optimal state of health. In addition, future studies are deemed necessary.

Keywords: foot; low back pain; physical activity; OptoGait

1. Introduction

Mechanical low back pain is a very common, expensive, and significant health issue
in the western world. The role of foot posture and leg length discrepancy in contributing
to abnormal biomechanics of the lumbopelvic region and low back pain is not sufficiently
investigated. Chronic low back pain is characterized by its development in a period of
more than 3 months and being the second cause of work disability worldwide. Its approach
is complex and sometimes its etiological factor cannot be identified, attributing it to chronic
nonspecific low back pain (CLBP) [1,2].

Various research argues that subjects with CLBP modify spatiotemporal gait parame-
ters (step length, stride length, speed or cadence), altering this balance as a compensation
mechanism for antalgic purposes [2–5], consequently, making the subject fearful and gait
unstable, possibly creating a predisposition to the negative effects of a sedentary life
(obesity, diabetes, depression, etc.) [2–7].

Balance and deficit in walking are some of the main characteristics of aging and are
considered among the risk factors for falls [8]. Postural control is maintained by continuous
equilibrated contraction of anti-gravitational body musculature. Alterations in the position
of several parts of the body may lead to variations of load due to the acceleration of gravity
and influence the plantar pressure [9].

The posture of the foot can cause orthostatic imbalances or may cause pathologic
modifications in other parts of the body (oculomotor system, stomatognathic system, etc.).
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Bricot [10] states that postural modifications may have either an upward progression with
a plantar starting point or a downward path beginning from the head (eyes, temporo-
mandibular joints, vestibular system). Therefore, there are many studies that use muscle
chains to assess the impact of foot posture on other systems or joints and vice versa [10,11].

On the other hand, the current trend in the approach of CLBP is rehabilitation by
performing physical activity, thanks to its benefits (psychological, cardio-vascular, weight
management, muscle stabilization) [7,12]. Living an active life seems to prevent the onset
of CLBP and the negative effects of a sedentary lifestyle (obesity, depression, diabetes,
osteoarticular problems, etc.) [12].

It is considered relevant to study in depth the spatiotemporal gait imbalances pro-
duced in CLBP to implement interventions that allow to restore balance and physical
activity, increasing the health level of the individual [7,12–15]. The aim of this study is to
identify whether alterations of spatiotemporal gait patterns occur in subjects with CLBP
versus healthy subjects using the OptoGait system. The hypothesis of this research is that
pain occurring in CLBP predisposes to a modification of gait cycle parameters.

2. Materials and Methods
2.1. Trial Design

A case–control, cross-sectional study: a group of subjects with CLBP (cases) was
compared in relation to the spatiotemporal gait parameters evaluated with an OptoGait
optical sensor system with a treadmill program lasting 30 sec at a comfortable walking
speed for the subject compared with healthy subjects (controls).

2.2. Participants

A total of n = 147 participants: n = 75 cases and n = 72 healthy controls recruited from
the Clinical Area of Podiatry (ACP) from the University of Seville from November 2020 to
March 2021.

2.3. Inclusion Criteria

All the participants were healthy adult patients going to the ACP during the recruit-
ment period of this study, consulting for common podiatric conditions, such as skin and
nail disorders. The patients who had been diagnosed of nonspecific CLBP by a specialist or
family physician composed the case group.

2.4. Exclusion Criteria

A serious illness, pregnancy, back or/and osteoarticular lower limb surgery, muscu-
loskeletal disorders, severe morphological deformity of the foot, current treatment with
orthoses, or non-idiopathic CLBP.

2.5. Procedures

Once the subject agreed to voluntarily participate in the research, an interview was
conducted where the appertaining data was collected by a research assistant (IRR) (Figure 1,
CONSORT Strengthening the Reporting of Observational Studies). The demographic data
collected were: sex, age, mass and height. Body mass index (BMI) was calculated. The
CLBP was measured only for the case group using a visual analogue scale (VAS) and with
the Oswestry Disability Questionnaire (ODI) for lower back pain on the day they were
recruited for the research. Previously, patients had a medical diagnosis of chronic pain
(pain for more than six months) [16,17].
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Figure 1. CONSORT flow diagram.

2.6. Ethical Statements

All subjects gave their informed consent for inclusion in the research, and the study
was conducted in accordance with the Declaration of Helsinki, and the protocol was
approved by the Ethics Committee of Seville (0966-N-20). The research followed the
guidelines of the Declaration of Helsinki [18], and it was registered according to the
guideline of the Declaration STROBE [19].

The subjects’ gaits were analyzed on a treadmill where the OptoGait Photocell Sensor
System (Version 1.6.4.0, Microgate, Bolzano, Italy) was installed. The treadmill gait test
program was used at a comfortable walking speed for the participant, for which the subject
was previously asked to walk at the speed that was most comfortable and safe for to
them). The subjects were asked to walk beforehand and they indicated when they were
comfortable on the same day of the test. However, there are studies that indicate comfort
patterns with respect to speed.

Sensors technology is used to evaluate the kinematics of gait and physical activ-
ity (mobile phones, accelerometers, video recording systems, three-dimensional sensors,
etc.) [5,20,21]. The OptoGait sensor system is commonly used to accurately monitor spa-
tiotemporal gait patterns and, thus, compensating for alterations involving a deficit in
motor control and balance before and after an intervention [2,5,7,22,23].

Once it was detected, it was the one that was considered during the 30 s (sec) that
lasted the measurement procedure according to protocol [11]. The OptoGait optical data
sensor system was used for its reliability [2,24]. Although the subjects walked for two
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minutes until they adapted to the situation, only the last 30 s were evaluated. Minimizing
the measurement time was avoided to prevent falls and pain.

The two photocell systems were placed on the treadmill and in all cases the subject
walked barefoot (Figure 2). The analysis using this system is relevant as it allows to
test kinematic anomalies detected in these parameters: right and left foot step length in
centimeters (cm), step duration—the time elapsed from the initial ground contact of the
first foot to the initial ground contact of the opposite foot—in seconds and percentage (%)
for each foot, walking cycle duration in seconds (median), cadence or steps per minute
(s.p.m.) and total stride length in centimeters (cm). As was described in other studies, two
measurements were carried out: an initial one where the subject became familiar with the
system and indicated the proper walking speed for them, and a second measurement that
was considered in this investigation [2,5].
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Figure 2. Gait analysis with OptoGait.

The sample size was calculated for a power of 0.90 and an alpha error of 0.05 and a
size effect of 0.5 (test family: test T, G* Power 3.0.10, Franz Faul, University of Kiel, Kiel,
Germany) [25]. A total sample containing 70 subjects was considered necessary for each
group. A total of 150 subjects were initially recruited. In the end, 3 subjects did not meet
the criteria for inclusion in the investigation.

2.7. Statistical Analysis

The Kolmorov–Smirnov test was used to assess the normality of the variables. For
quantitative variables, the average and standard deviations were expressed for each group:
age, gender, BMI baseline. Student’s t-test was applied in respect to the different averages.
Secondary outcomes were tested for differences by Pearson’s Chi2 or the Student’s t-test.

For the statistical analysis, the IBM SPSS Statistics® 24.0 program was performed. A
p value < 0.05 was considered as statistically significant.

3. Results
3.1. Description of the Total Sample and by Groups

A total of 147 participants were included (67 men and 66 women). The average age was
49.56 ± 6.31 years (range 20–49 years old). The CLBP for the case group was of 6.59 ± 0.20
median ± DS for VAS and of 33.71 ± 0.20 for ODI.

An analysis was conducted for the variables gender and BMI for the total sample,
both for the case and the control groups; the data is shown below (Table 1).
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Table 1. Whole sample demographic values of the demographic variables for both groups
(average ± standard deviation) are shown.

Sample
n = 147

Group

Case
n = 75

Control
n = 72 p-Value

Gender Male 75 (51.0%) 45 (60.0%) 30 (40.0%) p = 0.007 a

Gender Female 72 (49.0%) 29 (40.27%) 43 (59.72%) p = 0.007 a

BMI 24.00 (2.80) 25.25 (3.61) 22.02 (4.15) p = 0001 b

a Chi-squared test. b Mann–Whitney U-test. Values are presented as median (interquartile ranges). BMI: body
mass index.

Table 1 shows the sample is not homogeneous with respect to gender and BMI. The
next analysis shows the descriptive results for the gait parameters between both groups
(Table 2).

Table 2. Descriptive statistical analysis after the OptoGait sensor gait analysis between the control
and case groups.

Sample
n = 147

Group

Case
n = 75

Control
n = 72 p-Value

Right foot stride length, cm 60.50 (3.00) 60.70 (2.80) 60.40 (4.15) p = 0.901
Left foot stride length, cm 60.10 (4.40) 60.30 (6.50) 59.90 (2.70) p = 0.438

Ground contact time:
Right foot sec 0.54 (0.03) 0.54 (0.03) 0.54 (0.09) p = 0.332

Step % 70.50 (6.70) 65.00 (9.30) 71.10 (1.40) p = 0.001
Left foot sec 0.54 (0.03) 0.54 (0.06) 0.55 (0.06) p = 0.101

Step % 70.10 (7.60) 66.00 (10.47) 70.80 (1.00) p = 0.001
Difference stride% 0.10 (3.30) −0.70 (3.40) −0.93 (3.00) p = 0.001

Difference contact% −0.70 (1.50) −0.70 (2.10) −0.60 (1.10) p = 0.050
Gait cycle sec 1.10 (0.05) 1.09 (0.06) 1.11 (0.06) p = 0.867

Gait cadence spm 107.90 (9.40) 107.03 (8.70) 110.90 (8.80) p = 0.013
Total Stride length cm

Speed, Km/h
119.90 (6.20)
4.33 (0.74)

122.50 (8.45)
4.21 (0.82)

119.50 (3.30)
4.38 (0.92)

p = 0.036
p = 0.043

Values are presented as median (interquartile ranges). The Mann–Whitney U-Test was used. Significance set at
p < 0.05.

The number of women in the control group was higher than that of men, and compared
with the BMI, it appeared to show higher values in the case group (CLBP).

3.2. Statistical Analysis

The results have shown a statistical significance for the variables: right and left foot
stride time expressed in total %, for the difference of the total stride and contact, for gait
cadence and total stride length and of the gait cycle (in all cases p < 0.05).

The step length of the right and left foot in cm for the case group was greater; on the
other hand, the step time duration in seconds for both feet and the gait cycle were shorter
than the control group.

No differences were found between the laterality of the limbs of each group.

4. Discussion

The objective of this study was to identify if there are alterations in spatiotemporal
gait patterns in subjects with CLBP compared with a group of healthy subjects assessed
using the OptoGait optical sensor system.

Based on the results obtained, statistically significant differences were observed when
comparing step time duration (%) in the subject group with CLBP with the group of healthy
subjects. A decrease in duration in % was observed in the group of subjects with CLBP; the
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time elapsed from the initial ground contact of the first foot to the initial ground contact of
the opposite foot was reduced significantly compared with that of the group of healthy
subjects, and step length was increased. Subjects with CLBP walked more slowly and the
cadence decreased significantly compared with healthy controls (in all cases p < 0.05).

In general, the CLBP group showed a longer stride and step length for both feet, and a
shorter duration of the gait cycle and cadence; in contrast, for the group of healthy subjects
the contact times with the ground were longer. Therefore, people with CLBP tend to avoid
pain by decreasing the time of limb support. They take long strides but the contact time
of each foot is short and the number of steps per second or cadence is low. Nevertheless,
biomechanical adaptations may depend on the intensity of symptom.

The data obtained is consistent with other research where it was reported that gait param-
eters were altered in subjects with CLBP for fear of pain or by an unstable gait [2,5,17,21,26,27].

A study was conducted by Hollman et al. in which they recruited a sample of adults
from 70 to 89 years old (108 men and 189 women) and had the subjects walked on a
GAITRite® walkway placed on the ground. After the analysis, they concluded that the
subjects with CLBP showed different spatiotemporal gait characteristics compared with
the group of healthy control subjects. These parameters were significant regarding lower
average speed, higher cadence, step duration, and stride length [26]. The age of the sample
was higher than that of this research and the gait was carried out on the ground, not on
a treadmill.

Another study of Demirel et al. analyzed the gait with OptoGait on a treadmill
and compared two groups of adults from 25 to 65 years [2]. They assessed whether the
spatiotemporal parameters of the gait were modified between groups: cases (subjects
with CLBP who attended the physiotherapy unit) and controls (healthy subjects who
were caregivers). They concluded that the modifications were influenced by the degree
of disability (assessed with ODI). They argued that this syndrome may result in minor
changes in gait patterns in subjects with greater disabilities (ODI value 60%–80%) compared
with a more moderate one (ODI value 20%–40%). They observed a temporary reduction in
the support phase and an increase in the oscillation phase in CLBP, a higher cadence and
lower gait speed; their conclusions were in line with our results except for the cadence in
spm. It is important to emphasize that the sample of the Demirel et al.’s study were patients
attended in a rehabilitation service specialized in the therapeutic approach of CLBP and
presented higher values on ODI than those shown here [2].

Barzylai et al. found some results contradictory to ours. They claimed that subjects
with CLBP walked at a lower speed, had a greater asymmetry of movements between two
feet and that their step length was shorter. They assessed the kinematic parameters before
and after analyzing the effect of a biomechanical device based on a functional rehabilitation
treatment program at home and observed that gait patterns had improved, defined by a
higher gait speed and a longer step length. A small cohort was used. The analysis was
performed with the GaitMat™ system (sensor system set up on the ground on which
subjects walk on) [15]. They claimed that after 6 months of treatment, patients normalized
their gait patterns; improvements in the gait pattern were accompanied by reduced pain
and improved function and quality of life.

Based on the results obtained, it is reasoned that CLBP produces alterations in spa-
tiotemporal gait parameters analyzed with OptoGait, resulting in a reduction of contact
of both feet with the ground in %, an increase in step length, and a slower gait speed in
contrast to healthy subjects. This suggests that the case group takes steps to avoid pain
by increasing the length of the step and the duration of the swing phase to reduce foot
contact with the ground. This fact prompts an asymmetry between the right and left feet of
the same subject as described in other studies [14,15]. Sometimes, walking on a treadmill
can show results that are different from those obtained through walking on another type
of surface, as some studies defend [14]. Adaptive measures are therefore taken in motor
control as a protective strategy to avoid pain [27].
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With regard to the significant difference in BMI between groups, a value of 25.25 (3.61)
was assessed for the case group (values greater than 25 mg/kg2 indicates overweight) [2,28].
Obesity is associated with an increased risk of musculoskeletal diseases such as low back
pain [28]. It is a fact that in the case group, the BMI levels presented overweight values
which can influence or be a consequence of CLBP because pain limits the development of
physical activity.

As discussed above, the current trend in approaching CLBP is rehabilitation through
exercise that can improve CLBP pain. This fact is considered relevant because gait is part
of daily life of the individual, and it is an important physical activity in relation to the
maintenance of an optimal state of health [28–30].

As a result, assessing gait-altering factors can help improve CLBP. Sensor-based tech-
nology is a practical way to detect the decline in gait and balance [28–30]. The assessment
and treatment of CLBP is important; the analysis of factors that can improve this syndrome
is considered essential to prevent gait adjustments and to promote earlier intervention and
reduce sedentary lifestyles. These interventions may include rehabilitation with physical
exercise, the implementation of diets to achieve a healthy weight, and controlling foot
imbalances that may affect CLBP [12,15,31–34].

5. Conclusions

The spatiotemporal parameters of the gait cycle evaluated by an optical system of
sensors using OptoGait undergo significant modifications in a group of pronator subjects
(cases) compared with a group with a normal foot posture index (controls) in relation to
the stride length for the right and left foot, for the stride time of each foot, for the duration
of the gait cycle and the cadence.

5.1. Study Limitations

There have been several limitations in this study: on one hand, the heterogeneity
with respect to gender, and on the other, the recruitment of this research is quite different
with respect to others described in the literature. In this particular case, the reason for
consultation of the recruited subjects was not CLBP. Regarding gender, women are more
likely to suffer from foot problems and they demand podiatric treatment more frequently.
In this study, significant difference in gender between groups can be a selection bias
to consider.

The recruitment of this sample was of subjects attending the Clinical Area of Podiatry
of the University of Seville for problems related to the foot. This can be considered
decisive in that CLBP did not present very high values for VAS and ODI and can therefore
justify not being representative of the population affected by CLBP. Hence, future studies
are necessary.

5.2. Practical Implications of the Study

Assessing gait disorders may prevent sedentary lifestyle by applying routines that
improve chronic lower back pain, and detecting the altered gait parameters may focus on
the rehabilitation strategies.
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